shows the annual mean evolution of F trop at 100 hPa from the EMAC simu- 
129
The trend is computed two ways, first with respect to pressure -as is the standard practice
130
-and second, with respect to the tropopause. As in the calculations shown in Figure 1b, will also follow the tropopause upwards as the atmospheric circulation responds to GHGs.
136
The Ψ * -trend exhibits a strikingly different structure depending on the averaging. When 137 averaged on pressure surfaces (Fig. 2a) century. Thus, an analysis at 90 hPa would reveal significant changes in the chemistry 152 and circulation related to the transition from the stratosphere to the troposphere.
153
Our goal is to separate the change in the tropical upward mass flux associated with 154 the lifting of the circulation from other structural changes. The change in F trop at a 155 given pressure level, ∆ F trop , is decomposed into a change associated with the rise of the 156 circulation, ∆ F shif t , and other changes, ∆ F struct :
158
The change associated with an upward shift is estimated with a single term Taylor expan- , and the shift of the measurement level relative to the circulation between the 161 future and past climates, ∆z:
163
Note that both terms on right hand side of (2) will be negative: the mass circulation decays 164 with height and a fixed pressure level will sink relative to the tropopause with time. We 165 use the historical simulation to define the mass flux gradient in an effort to capture future 166 circulation changes given only the trend in the tropopause. Lastly, ∆ F struct is defined as 167 the difference between ∆ F trop and ∆ F shif t .
168
Focussing on a specific lower stratospheric level, here 100 hPa, we estimate the vertical drops.
182 Figure 3a shows the relative change in F trop at 100 hPa from EMAC as a function of forcing. Figure 3b , however, shows that this increase can almost entirely be attributed
185
to the effective change in the measurement level. It was obtained using equation (2),
186
where the time evolution comes only from the shift in the 100 hPa surface relative to the 187 tropopause, ∆z.
188
∆ F struct can be interpreted as an estimate of the change in the RC at the tropopause.
189
Consistent with the analysis in the previous section, the residual "structural changes" in in the climatological RC; F trop at 100 hPa ranges from ∼70 to 180 × 10 8 kgs −1 (Fig. 4a) .
195
All the models, however, project an increase in F trop at 100 hPa under the RCP6.0 scenario 196 forcing. When scaled relative to the climatological mass flux, most models are clustering 197 around a rate of ∼1%/decade (Fig. 4b, white bars) .
198
The green bars of Figure 4b show the change associated with the rise in the circulation:
199 in all cases, the increasing F trop -trend at 100 hPa can largely be attributed to the rise of 
